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Ocean atmosphere coupling Context
Application of ocean-atmosphere coupling
Various physical phenomena are governed by the ocean-atmosphere
coupling: long term predictions to short term predictions.
climate modeling seasonal forecasts short term predictions
Improve the representation of ocean-atmosphere interactions
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Ocean atmosphere coupling Context
Complexity of ocean-atmosphere fluxes
Turbulente Boundary layer → complex parametrization.
Near the interface : fluxes estimated by (complicated) formulas
depending on the jump of the solution.
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Ocean atmosphere coupling Context
The ocean-atmosphere coupling algorithms
Two current approaches, both mathematically unsatisfactory:
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a lot of communication ⇒ inefficient
implementations
physical validity and numerical
stability issues Lemarié & al. (2015),
Beljaars & al. (2017)

























balance of the average flows over
each time window
synchronization problem
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Ocean atmosphere coupling Context
Motivations
Practical implementations for ocean-atmosphere coupling algorithms are
mathematically unsatisfactory.
Objectives : improve the mathematical coupling methods
A numerical method that would solve these problems
⇒ Schwarz algorithms
French COCOA ANR Project: Study of an iterative process on
ocean-atmosphere coupling. In particular
Implementation of Schwarz algorithms in realistic climate models
Theoretical work on these algorithms in this context.
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Ocean atmosphere coupling A 1D simplified model
A 1D Simplified coupled ocean-atmosphere model
Hypotheses :
Focus on the dynamical part
Physical restriction (1D)
Taking into account turbulent
parametrisations
A reasonably realistic model on
U = (u, v)T horizontal ocean/atmo-
sphere currents.
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Ocean atmosphere coupling A 1D simplified model
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Ocean atmosphere coupling A 1D simplified model
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Ocean atmosphere coupling A 1D simplified model
1 Ocean atmosphere coupling
2 Schwarz algorithm and OA specificities
3 Impact of Coriolis effect
4 Impact of non-constants viscosities
5 Particular case OA coupling
6 Current and futur work
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L1(u1) = 0 in Ω1
L2(u2) = 0 in Ω2
B1(u1) = 0 on ∂Ω1\∂Ω2
B2(u2) = 0 on ∂Ω2\∂Ω1
C2(u2|Γ, u1|Γ) = 0
C1(u1|Γ, u2|Γ) = 0
first guess u02 then
L1un1 = F1 on Ω1×]0,T [
B1un1 = G1 on ∂Ωext1 ×]0,T [
un1(t = 0) = u0 on Ω1
C1,1un1 = C1,2un−12 on Γ
L1un2 = F2 on Ω2×]0,T [
B2un2 = G2 on ∂Ωext2 ×]0,T [
un2(t = 0) = u0 on Ω2
C2,2un2 = C2,1un1 on Γ
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Schwarz algorithm and OA specificities Reminder on Schwarz algorithm
Convergence factor for linear problems
ρobs =
||enj (z = 0)||2
||en−1j (z = 0)||2
enj = unj − uexact
1D Stationary case : solve the equation for each iteration
1D Non-stationary case : use Fourier transform in time
⇒ ρ(ω) =
∣∣∣ênj (ω, 0)∣∣∣∣∣∣∣ên−1j (ω, 0)∣∣∣∣
min
ωmin≤|ω|≤ωmax
ρ(ω) ≤ ρobs ≤ max
ωmin≤|ω|≤ωmax
ρ(ω)
Discretized-in-time algorithm: ωmax =
π
∆t and ωmin =
π
T
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Schwarz algorithm and OA specificities State of the art
State of the art
Constante diffusion Variable in spacediffusion
Stationary
adv-diff 2D Japhet et al.,
2001
eq. Helmholtz Dubois,
2007 Magoulès et al.,
2004









Bennequin et al., 2016
and Gander et al., 2007





2D shallow water Martin,
2003 primitives eq. 3D
Audusse et al., 2009
diffusion 1D eq. +
Coriolis Thery et al.,
2020
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Impact of Coriolis effect Exemple with constant viscosity
Impact of the Coriolis effect : example with constant
viscosities












Uj − νj∂2zUj = Fj




Study of the convergence with change of variable ϕ = u + iv .
Study the convergence on the error ej
Fourier Transform ⇒ frequencies shifted by f :
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Study of the convergence with change of variable ϕ = u + iv .
∂tϕj + i f ϕj − νj∂2zϕj = Fϕj




Study the convergence on the error ej
Fourier Transform ⇒ frequencies shifted by f :
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Impact of Coriolis effect Exemple with constant viscosity
Impact of the Coriolis effect : example with constant
viscosities






Study of the convergence with change of variable ϕ = u + iv .
Study the convergence on the error ej
∂tej + i f ej − νj∂2z ej = 0
+ Dirichlet external conditions
+ Null initial condition
e1(0−) = e2(0+)
ν1∂ze1 = ν2∂ze2
Fourier Transform ⇒ frequencies shifted by f :
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Impact of Coriolis effect Exemple with constant viscosity
Impact of the Coriolis effect : example with constant
viscosities






Study of the convergence with change of variable ϕ = u + iv .
Study the convergence on the error ej
Fourier Transform ⇒ frequencies shifted by f :
i(ω + f )êj − νj∂2z êj = 0
+ Dirichlet external conditions
ê1(0−) = ê2(0+)
ν1∂z ê1 = ν2∂z ê2
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Impact of Coriolis effect Exemple with constant viscosity
With Dirichlet-Neumann interface conditions{
ên1 (ω, 0) = ên−12 (ω, 0)
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Impact of Coriolis : shifts the local maximum and non symmetric
graph
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with Q(x) = | tanh((1 + i)x)| and x1, x2 solution of the transcendantale equation
Impact of Coriolis : shifts the local minimum and non symmetric
graph
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Impact of non-constants viscosities




Parametrisation of turbulence ⇒ non con-
stant viscosity
In ocean-atmosphere context :
KPP viscosity (O’Brien, 1970)
affine profile close to the surface
parabolic or cubic profile in the
turbulent zone
constant profile in free zone
⇒ convergence for variable viscosity profile
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Impact of non-constants viscosities
Convergence factor with non-constants viscosities
i(f + ω)êj(z , t)− ∂z(νj(z)∂z êj(z , t)) = 0
Mathematical tools to calculate converge :
with νj(z) = ajz + bj → Bessel’s functions
with νj(z) = ajz2 + bjz + cj → Legendre polynomials.







for all viscosities profils
ρaffDN(ω) ≤
ρcstDN(ω)
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Particular case OA coupling The stationnary case









Stationary case for any interface condition :
without Coriolis → free zones have a
huge influence
with Coriolis → turbulent zones have a
bigger influence
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Particular case OA coupling The non-stationnary case
The particular case ocean-atmosphre coupling
Non-Stationary case for any interface condition :
|ω + f | < 10−11 → influenced by free zone
|ω + f | > 10−5 → influenced by turbulent zone













u * = 0.01
u * = 0.05
u * = 0.1











Example : convergence for all frequencies except frequencies close to −f
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Particular case OA coupling Conclusion for linear problems
Conclusion for linear problems
Impact of Coriolis effect : shift of the graph
⇒ perturbation of the algorithm’s behavior
Convergence factor depends of the global viscosities profile
⇒ mathematicals tools to calculate the convergence factor (Bessel
and Legendre functions)
⇒ simplification must be made with caution
⇒ Results are shown in : S. Thery, C. Pelletier, F. Lemarié and Blayo E.,
2020: Coupling two Ekman layers with a Schwarz algorithm. under review
Ocean-atmosphere coupling
The Coriolis effect and the turbulence zones have a big impact on the
convergence
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Application of Schwarz algo-
rithms on non-linear model
Study of the well
posedness of the
problem
Study of convergence of
the algorithm
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Current and futur work To a realistic model
Current work on the non-linear model
Stationary case : using tools from linear problem
unique solution consistent with the physical constraints
without Coriolis effect : fast divergence & free zones have a huge
influence
with Coriolis effect : fast convergence & turbulent zones have a
bigger influence
Non stationary case :
No theoretical method for solve this problem
⇒ experimental results ⇒ similarities with linear problem behavior :
unique solution consistent with the physical constraints
if ωmin ≤ |f | ≤ ωmax → divergence
if |f | ≤ ωmin or ωmax ≤ |f | → convergence
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Current and futur work To a realistic model
Test on a real model

















Convergence after 14 iterations
15.0°N / 27.5°W
a)



















Convergence after 18 iterations
90.0°S / 29.4°E
d)


















Convergence after 8 iterations
11.2°N / 29.4°W
c)























test on a climate model (3D)
Convergence in two iterations for 90%
points
Marti, O., Nguyen, S., Braconnot, P., Valcke, S., Lemarié, F., and Blayo, E.:
A Schwarz iterative method to evaluate ocean-atmosphere coupling schemes.
Implementation and diagnostics in IPSL-CM6-SW-VLR, Geosci. Model Dev.
Discuss., https://doi.org/10.5194/gmd-2020-307, 2020
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Current and futur work To a realistic model
Thank you
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